Introduction
Several recent animal experiments have shown that image blur imposed in the periphery of the retina locally induces elongation of the eye and, as a consequence, modifi es the eye shape. [1] [2] [3] [4] In theory, misalignment of the eyes in patients with horizontal strabismus can induce peripheral defocus in the deviated eye and thus may affect refractive development. In fact, a considerable number of children with exotropia (XT) show progressing anisometropia in the clinic, but the reasons are still unknown. Figure 1 illustrates the possible infl uence of horizontal strabismus on peripheral vision. When patients with horizontal strabismus look at a front parallel plane located at a close distance, the viewing distance from the deviated eye differs between the nasal and temporal hemispheres of the retina. As a result, in the case of esotropia (ET) image blur occurs in the temporal retina (A), whereas in the case of exotropia (XT) it occurs in the nasal retinaemitting diodes) horizontally aligned within ±30°. The FR-5000 instrument was originally a hand-held open-view autorefractometer, but here it was fi xed in a holder that could be moved with a joy stick and the subject's head was stabilized with a chin rest and a forehead band. A tablemounted open-view autorefractometer (Shin-Nippon NVision K5001, Ajinomoto Trading, Tokyo, Japan) made following the same principles and with the same mechanical construction as FR-5000 provides reliable measures of RPR. [7] [8] [9] The K5001 autorefractometer needed considerable modifi cation of the window frame to allow the subjects to see the fi xation targets, and thus we used the FR-5000 in this study. RPR was obtained by subtracting the spherical equivalent value (mean of fi ve measurements) obtained at the primary position (foveal refraction) from that at each gaze position.
Results
The ET, XT, and control groups showed different profi les of mean RPR (Fig. 2) . The ET group showed small myopic RPR on average in the temporal retina. Thus, slight nasaltemporal symmetry in the RPR was observed. In the XT group, a small hyperopic RPR was observed in the nasal retina, although it differed widely among the children (range, -4.88 to +4.00 D). On the other hand, the control group showed clear hyperopic RPR in both the nasal and temporal retina. These profi les were similarly found in both the dominant and nondominant eyes. Table 3 compares the mean RPR at an eccentricity of 30°. Except for the nasal retina of the dominant (usually nonstrabismic) eye, it was signifi cantly different among the study groups (P < 0.001).
Figures 3 and 4 show how refractive error infl uenced the RPR. In the control group, children with greater myopia tended to have larger hyperopic RPR, as reported by previous studies, 10, 11 but this relationship was not signifi cant in either the nasal or temporal retina of either the dominant or the nondominant eye (P > 0.05). In this range of refraction, the data points for the ET and XT groups were usually below the regression line for the control group. In the XT group, the data points were again usually lower than those at the regression line. Two children had large hyperopic RPR (+4.00 D in the dominant eye of child 14, and +3.69 and +3.81 D in the dominant and nondominant eyes, respectively, of child 20). On the other hand, one patient (no. 16) had large myopic RPR (−4.88 in the dominant and -4.07 D in the nondominant eye).
Discussion
As far as we know, this is the fi rst study reporting RPR in strabismic patients. Our results indicate that children with either ET or XT have different RPR profi les than normal controls: they do not have the hyperopic RPR that can usually be found in normal children, which suggests that the eye shape of strabismic patients is more oblate. 
Subjects and Methods
We recruited 25 consecutive patients who had horizontal strabismus and were followed up in the strabismus clinic of Okayama University Hospital as subjects (age range, 6-19 years; 12 girls, 13 boys). The controls were 37 children who came to the hospital for a health checkup (age range, 6-12 years; 21 girls, 16 boys). Full ophthalmic examinations, including cover tests, Bagolini striated glasses' test, and a TNO random dots stereo test, were performed on all subjects. Subjects who had astigmatism of more than 1.5 D, amblyopia, other ophthalmic diseases, or a history of strabismus surgery were excluded from this analysis. The clinical characteristics are summarized in Table 1 , and a comparison of the ET, XT, and control groups in Table 2 .
The study and protocol conformed to the tenets of the Declaration of Helsinki and were approved by the ethics committee of Okayama University Medical School. Written informed consent from parents and consent from the children were obtained after explanations and verbal discussion of the nature of the trial and possible risks and benefi ts.
Thirty minutes before each measurement session, eye drops combining 0.5% tropicamide and 0.5% phenylephrine (Mydrin-P, Santen, Osaka, Japan) were applied two times separated by a 5-min interval. 6 Cycloplegic refraction was performed using an open-view autorefractometer, FR-5000 (Grand Seiko, Fukuyama, Japan) while subjects monocularly looked at one of the fi ve fi xation targets (light- Before the experiment, we predicted that myopic RPR would be found in the temporal retina of the esotropic eye and in the nasal retina of the exotropic eye because the misalignment of the eyes produces image blur in these areas. When it is taken into account that the control group had clear hyperopic RPR (> +1 D), our results generally agree with the prediction. However, the difference in RPR was found also in the dominant (fi xating) eye, contrary to the prediction. This fi nding might be partly explained by alternate fi xation.
Interestingly, the XT group showed a wide intersubject difference in RPR in the nasal retina. We could not identify a typical clinical characteristic associated with the larger RPR. Eleven of the 14 children with XT (79%) showed binocular single vision at least at close range, which indicates that motor fusion sometimes compensates for the ocular misalignment. In the binocular viewing condition (heterophoria), the defocus in the periphery is eliminated. The difference in such fusional control among patients may explain the wide intersubject differences in RPR.
Reportedly, there is a weak correlation between refractive error and RPR in children: the myopic eye is more prolate and thus has larger hyperopic RPR. 10, 11 Because the mean refractive error signifi cantly differed in several pairs of the study groups (Table 2) , refractive error may be a covariate in this analysis. However, the correlation was found to be small and not signifi cant in our study. Within the range of the refractive errors of the control group, the above-mentioned differences in RPR could still be observed even when we took this correlation into account (Figs. 3 and  4) . This study had several limitations. First, we recruited consecutive patients; therefore, the clinical characteristics differed considerably among the patients. Time from onset of strabismus, age, 12,13 existence of compensation for the deviation by motor fusion, amount of near deviation, fi xation preference, reading distance and amount of accommodative lag, which has been argued to be another factor in the progress of myopia, 14, 15 may be involved in this process. Second, fusional eye movements to compensate for the exodeviation or excessive convergence in patients with a high accommodative convergence to accommodation (AC/A) ratio repeatedly stretches the insertion of the medial rectus muscle, and thus the eye shape might be skewed. This interpretation may explain why the difference in RPR was similarly found in the dominant (nonstrabismic) eye as well. Finally, the etiology of congenital concomitant strabismus is unknown. Developmental anomaly in the sclera or the orbital connective tissue as well as in the extraocular muscles might explain the different RPR.
In conclusion, the results of this study indicate that children with horizontal strabismus have different RPR than normal controls. The differences might be attributable to image blur in the peripheral retina associated with the strabismic deviation, considering the visual regulation mechanism of eye shape. However, longitudinal evaluation of RPR in strabismic children will be required to clarify the reason for the differences.
